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ABSTR.4CT

Tho early time pmwt ration of m[~glwt ic fkld i!lto the low cknsity corona]”
plasma of n Z-pinch film is studim] wit]) tilt’ inll)licit plasma sinllllatiol] c()(I(,
AN THEkl. CalculrIt imls show thr mnissioll of (II(sc(r(ms from t hc c~lth(dc, pinchin-
g of the electron flow. mrqy-mtir insu]nt i(n) of t IN’ (’lrct r(ms ncm t.hc MKAI, tuld
low clrnsity ion h!ow off. PIC-particl(’ iml ~ill(”lll:ltioll!i s}low H late tinw clunl])il]g
of tllc i(ul (hlsity 1)01 S(’rll wit 11n fllli(i ion t~Cilt Ill(’Ilt .

lNTROD1’(”TIOS”

t~])i(’illl~ 10-3 I f ])lils;il’C. I ill ~il(lill%: it ]lilS 1)(’(’11111:111’ () or, r(’r(’!ltl!.. ~lxtr(l(l(’(1
d(’1111’rilill] Ii”(’. II}” w)r:.(’ rol]l])l~”x 1)111(”1’5s. i]tfI:,,s I)ly fi(,l(l t’lllissioll of (ll(.(-troll>
f~():f, 111(’l“iltli(~(l(’ 1)1( ’ilkl!,lN’11 of 1!1,’ ;IISlllill ill/< fll,f”l” ril]~i~ll}’ l)r(~r(vwls It l)t’(-l)lll(’~
II ])lil\lll; l \lii D (’lllf”ll];lti,)ll>i ill(iil;ltr tlI;It. 3~1IIS II(IC’Itlw v(dthgr is n]~]llifv!.

this ])li(h,lllil !’S])/11,(1> tI) il I;l({jll> (If (],1 to (~:1[’111,sllr[{~llll(lillg II ~)~11’loll~ tit~l’1
111’~”ollll[) 1,7,(-1111!11’])!”l>lllil t’]t’(’tr(jil (lt’ll\it: (ll~q)~ ril])i~ll)’ I)f’l(llv 10IT (-111 “l.

Ill (’xl~(.ri[litlll~ ill l,IIS .41;11110s III( rt’+lllt:,[ I IIIIT(*III ill t]l(’ fjl,( r r(;:.(’ l~f’;lll~

lill(’:ill} IIT.11 13(1 III. !(, ii ]t, \’f, ] (If (1 ~,-1 \l;\ ]f ;!!] 1]1{. 1“1111’f”ll~ :11 35 IIS is Illsi(lt. il

fr:l(!lll~ II 1, 1*7J (.111,Ilils t.{lrlt”.t]~{ll],l~ to ii Il:;l[lij(ll(. !111(1 {If S,[1 ‘1’ Ilt I]lilt I:lllill%

111:1111(1 llii:. lillilll~ , ,11 ~ 1)1;,.111;, {I)li,lllit),,. ;I!I 11(II Illl]lkl, t]l(lw, f’ll(”( llllltf ’1”1’(1 Ill

tll~, tl l! f’ll~lf)” ]I]; L. II1;I olll’.!llI~ +\Vlfl’]11’,. ( !’()< “. i\ ’!lllf ;I r;l]~i(ll)’ Ii%illj: ((; () [II ~1[11)

II> Il;lll, ●1.:1]11 ]ll;~~r,t,li, fit.]({ (fl,)lll (} 5 III j] II I ) ]It.l,t,tl;ltlls II l(!l ; to ]01’” I(“III
])lil.~lll;l 11111111~11II I’(lllll )lll;lfll)ll (If f’1(1,.l\”l’. 1“ . Ii IIlifl. illltl \llll) II,t,.l,:llli’11,.

~(,”f’ ll;l\”~’ lll~;~lll’~1 III( ,4 X’1”111’’il’ 1111]1~:1’11 >Illllllillllll. Illll(h”l tfl tllf” Still l)’ [If

fif’l~! ]wl)llr:l~il)l) (If till I(IW (lcll~if} Ill;t?.lll:i •11111,11111]111~,, I} If, ‘/, 11111( ]1 fit)f’r‘]’1,,

),.fl,llfl,lllI{ 4.]1.1”!!!!1!!14,:!]:I,a:),! !!, .1s,. c 1.I.... II,.(Iffr.,t+ill[]lf. (-(1(](,
.If ’ :iil, ,i. illii I;, n’!, l!ls l-.

lilllll~’ 11+I(1 kfll(lt” t]lf ’ 1’:111il~.’il)’ (If (m!~”l’tl(ll l’. Ill !111,11if (1(’11,‘It’ SI1l’llt]l. Wllllllll!
1111’ 111111(1,.1!11111(If hlllltlill.1 II IN’ (11’1), 1!:.” :’111 (!!!” Ill, ,Ilfv! $$’lftl 11111) 11111! ll\’1 11111

111(,111]. “1 1,,. r,, (l,’.. 111,1111’:! fll’:ltl: I Ill !If fllf 1’!1’, ::1, ;IIIII II III LO,lIfIf II !it.lil,. ~IllI,l\

11’. 1~~ Illllllr”l 1111’ y,lilll;ll %~”.. fl’lll Wll!l ,,, !l,l) ,1!;,” 1’,1,;11 11’11’. 111111”11 I;llp.f”l 111;111 11
I)r’lJ)’~’ l?’llJ’tlI, 1111(I ll.ll IL’ tllllf ’ %If’j) 1:111111 !I,llrll Itl,lll ;1 Idlt..lll:l ]ll’1 11111 (L’, 11111’

w-l] hf. \’( 111(1 It If’ I:\llill (’1)11.,tl; llll\,. Ilf l;l( ‘ 1“11111’ ,

‘1 11!” I)lc”’.r’llf If ’’.:lll. !11(” ,)l(”llll,lll;,l :,’ ;!1111 1111! !’1”,1 II) 1111f’x:lllll!llll lljll Ilf 1111’

f,,il]\ tI:I If I fif,ll! lIr.:]l. !ll Ili I)il llll~IllJJII ~lIr IIIN II!,I,, II ,Iil.,ll;l ,f,~,l,,ll’. \\l IX, I, I,I,II
111( f,l]ll..,,],lll {If I,lf 1,111111 Ill 1111. l’lltl,llll~’, !1,1 II 1’1,,,,,1, hill! ]llll(’1 ,111,’ :,1 !1,1

“lf’, IIl,,lf” illlfl fllt’11 lll;lill!l”tlt lll.lll;l?l!lll ilf ‘II, ;:1!1111’ \fl 1,1.11 11(,1! ;, , 111111111111’



cffrct in thr ions, scm) oldy wlwn t%y ar(’ IIlodrl(Id as PIC particlrs.

THE N1ODEI.

Calculaf ions wrc pm-frmll~d wit}l 11](’ A?! Tli E\l im]~lirit sinllllilt i(~ll co(ld.
This is m mldti-flui(l/PIC modrl. For its I)r(w’llt ap~)]i(-at ]011 s(q)(aratc ckt roll
ad ion fllli(]s were emplojd to rc])r(’stv]t thr })il Cli~oll Ii(l el(’ctr(ms M](1 imls
ccmstituting the fill plasma, and n tllir(l rldr(m fluid was illtrodllcr(l to 1110(!!’1
the emission. Tlw sol~lt ion for electric ZU1(Imagnrtic fitIl(ls is ol)t ailw(l inl])licit ly
from hfn.xwrll’s cqu~it ions b} the ll[l~)lirit Nlo:lwnt hh’t!lo(134. T1l’ls. LINIrlm-tri(-
axld magxmtic ficl(ls arc advimlcc(l I)y

will] ti[i)t’-;l(l\-;lll(.t’(l curr(’llts, j(’” +1) =- j[l? ’”+ 1‘], (i(tt.r,,li,,mi froll) ii s(Il of
&illXiliill]” 1110111(’111 f’(l{liiliol15, 111 ollr sillllll:lti(uls tll(’ 1’ X D trrlll w;l.- tl”(’ilti’(1

irll])li(.itlj.l. For tilt’ l)r(w~ll[ rt.slllts I~lasIIl;I rrsistirity ~il> wit to z .ro.

slll,~!illlti{~ll of t}lf’ (.xl)rt’ssi{,ll ff,r ;Illxi]i;l:”y cllrr(’llts illlt) ttlr .41il]~(*r~’.s I;IW

gi\v’5 {111 t’lli])fi(” (’(lII;IIIOII f~jr ii sillsli’ il,Jillllllllill (.0111 ])(1111’111 of lll;~gll(’ti(. fi(’1(1
De ill 111(.r~-lilll!ririll qh)lll{’try, Wilt’11(till}” lillliill illi(l iIXiill l)lilSlllil nlotioll” is

1~~.rlllitltvl ‘1’llik is K(IIV(VI willl ;i (’11(’1~}111~,1~ wd\”(’I rtl(lllil-illg (),()2 siv-/s{J!v~, f(~t

II 5(1 X ~)(1 1111”>11 (ji\”(’11 tll(’ 11 !i(”lil, \\”t {,ljt;lill K fl”olll tti(’ ,Alll])l’1’(”s IIIW illlll
11111nllxlli:lly 11111111(1111(I[lll:ltioll f,ll j ‘I”lltm l~l;l.~lll;l l)ll)l~l”rtim ill’!’ 1!1(’1] fl(lVilIll”(’(1

ill 111(’+1’ tic’ills \\”lll I ]Iill”li(”l(’ llloll~’lilig fvt’ sill)])ly ll]I~l:Ilt’ N(. WI OI)’S (’fl(lillil)ll>

1“(11”fllllll lllflllc’1(’11 l“llIll]Mull’llts tll(’ ;)ro])(,l!it’~ iirf’ {II]v;III(”(I(I ill two Sthg(’s. III tilt,

!ir~f. 1.ilL[l wlri;lIl •fi’~~” y~,]{)(.ili~,~ [01 1111, (.11]1 \v; I]].+ collfilljll~ []1(’ Hlli(l (’]4’111(.lIl\

I 111 1111’ W.(”(lll(lt Elllrrinll Stil~f ’ tllf ’IIIf’ fir51 (IIII;IIIIII(I. 1111(1 flII’ w:III> :11(’ II II N”III

R’illl< ill’1’ %Illffl’11 Il;l(’k lo Illf’il oli~lll;ll I)ot.11 i(ulk :1111! fllli(l II IOV(’S [1(.1”(1SS, \ ilJl 1,(’(’1
. .

rorl~,(.ll,)li< ;III. illl]l]lt”(l ;1! ttli+ Jlllll’ 11111’ to il(”llil’\”f ’ 11(’ill l}” S1’i’ollll 01”(1!’1” S]liIllill

(Illrf ’11.llrlllu, W“lltl .. I;llllllty Artf ’1 t}ll’ Ill; l’.lll:l Ill) fliltt’s till’ I“f”>llltlllll trllt’ rlll”l”(’llf ’.

IIIt’(”I)lIIII;IIIIIl III Itltt ;I])llll)xilll;lff, ~,lllll.lll.. jII~.llIlfI.ll NII II tlI(I tif III w)lllli(lll. ‘1’11~.

I{f,l.i;lllol, 11(.t\vIIl.11 1]11,..{, I}VII (.1111(’II!,. 1~ ll~c’1 I II) J’,IIIIIII; IIII II (T(,rlt’i”li(ll) II) f],, l“:

:;!1(1 (“;,l(”lll;, tl,l Ill 1114 I,f\l ,.), ”](, I III+ I’~IllIIImllIIll fl’1111 1’. (-l”llf” iill ill Ill;lilltiullllll’.
111’;11IIllil’.I Ilf’llll:lllf) III lll’I IWO rt’j’.ioll, t,f Itlf.]Illi(”tl]II;I.-III;I Sllll”(” 1111’\vllllllJ’
(If I(!’r :{, l“llillll’1”~ 11;,1”1’ Ilf’1’11 [11;1! ~I ‘ It, l~;i..(” 111(’ 111(1111’1ttll 111111111’l,iil Ill fllf ’1 [11;111

V!,llll 1! 1!”., ~11 f]l; lI ~,]fIlt 1( III ll,r;lfl\”l~tl( (41’4. (”1s ;IIIS illflllllt’,1

t“’1l”:l.1) l’1”. s1’ I 1{.’\l l(J\ l{l’:sl’ [.1$

1“”1111111 ‘L 111111”11 %111111]:ll! 1,11, w~’ W’.’.llll11’ll;1 10’” f“lll ‘ 1)1:1%111:1 A I{ I\\’ (’1111.

+11)11 f]lll... ]1(, ](l 1:111 \’ I’111 1 101 f.]l,l”f 1(111, w;l~ W’1f’1 Ir’11 :\ \kf ’11”11 1( ’]lllw’llf:l l)? fill’

7. Illl!l Ii 111:111 1’ ‘.lllh’.ll Ill I“IJ’ 1
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‘ht fluid trratnlcn! of iox~s may hc unrcajistlc du(. 10 its il~a})l]ltj, to ,llo(l,,]
finirr iml ~ro effc(-ts. ANTHE1l all(nvs for particle io:i modeling, b~lt wc l]a~’1’
limitrd txpmirncc with its usf~. Figure I shows results for thr Z-pinch run wit II
particle ioxls. Thr times shown arc (a-d) t = 2.5, 4.5. 5.5 and 7 m. Electron
dvr]sity c(jllttnlrs arr showI) iIl thr top suhfrallir at each time. and thr ion I);lr.
ticlt,s %-c ])lt)ttt+ ill thr Iowcr sul)fri\IIl(’. Fr(ml thr quiet initial start. witl~ I cl’
mns Wr fir]d that the rising. pcxl~~trnting B fi(Il[] I.mnr]]cs the ions nrar t ]It. ]~nv
drnsity plasma rrigo hy 4.5 IN. and leads to significant clumping tilrol.lglmu[ t }](I
pksma hy 7 ns. M“(wk is contirllling to dctcrrnin~ tlw significant of the finding.
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.4>”1}IEJ1 ]Iil+(ossI’s all tq)titul [(l 11]11(1(’1dlq}lwiti(ul of III(’ rlllittt’[1 rlm’tnnls
on a dcllsl’r biM’k~I’(JUlld fll]id. TIIIIs. d 1(’w(vI:I1)I(’rx:lwilm of this work wuhi
bc to include the denser fiber plasma as background extending nut from the

centrrlilw. Effects such as dircrt heating from collisions of the emission plasma
on the fiber could then be examinrd.
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